Purpose. To compare systolic and diastolic blood pressures using the FitnessGram criterion-referenced standards for body composition and cardiorespiratory fitness in Brazilian young people. Methods. The study had a cross-sectional design. With institutional approval, a sample of 874 students aged 13-18 years enrolled in public schools in a medium size town in Southern Brazil took part in this study. Body mass index was calculated to represent the subjects' body composition. The progressive aerobic cardiovascular endurance run (PAcER) test was applied to estimate aerobic capacity. The participants were classified by using the FitnessGram criterion-referenced standards. Systolic and diastolic blood pressures were assessed with the oscillometric method. Results. Multivariate analyses of covariance indicated that the blood pressure of boys (Wilks' lambda = 0.97, F (6, 834) = 2.48, p < 0.05, ES = 0.02) and girls (Wilks' lambda = 0.94, F (6, 886) = 4.89, p < 0.01, ES = 0.03) differed between fitness zones for body composition. The analyses showed that blood pressure also varied across cardiorespiratory fitness zones for girls (Wilks' lambda = 0.98, F (4, 886) = 2.69, p < 0.05, ES = 0.01) but not for boys. Conclusions. Reaching the health fitness zone of the criterion-referenced standards for body composition seems to be associated with lower blood pressure in boys and girls. cardiorespiratory fitness had a similar effect solely in girls.
Introduction
The incidence of risk factors for cardiovascular diseases, such as overweight or obesity, has increased in the last 3 decades among young people [1] . other important risk factors, such as inappropriate cardiorespiratory fitness [2] , have also been observed in a high proportion of individuals [3] . The FitnessGram program provides a battery of validated fıeld-based fitness tests and health-related criterion-referenced (cR) standards, which have been used to help teachers track health-related fitness over time and to produce personalized reports for children, parents, and school administrators [4] .
The available information on cR standards is based on samples from the USA [4] [5] [6] , whereas evidence suggests that the ideal thresholds and diagnostic performance of any classification system could vary depending on the characteristics of the target population, such as age, ethnicity, socioeconomic status (SES), the outcome selected and its prevalence [7, 8] . Although FitnessGram cR standards are used in children and adolescents in Brazil, little is known about the capacity of these criteria as indicators of cardiovascular risk factors for this population.
The presence of cardiovascular disease risk factors or metabolic syndrome was selected as the primary outcome variable for determining appropriate cardiorespiratory fitness and body composition for Fitness-Gram cR standards. The applied risk factors included high values of blood pressure, high-density lipoprotein cholesterol, triglycerides, waist circumference, and fasting glucose [5, 6] .
High blood pressure has been suggested as the leading risk factor for death globally. High blood pressure accounts for 9.4 million deaths worldwide annually, being responsible for 51% of deaths from stroke and at least 45% of deaths from heart disease [9] . It is relevant to consider that blood pressure values demonstrate stability from childhood to adulthood [10] . In addition, individuals with high systolic blood pressure present an increased risk of hypertension and metabolic syndrome later in life [11] .
The capacity of the FitnessGram cR standards to identify participants with good health indicators is an important property [4, 5, 11, 12] to support their use in other countries. Valid, simple, and low-cost methods for screening would be useful to identify individuals at a high probability of presenting cardiovascular risk factors and to verify the effectiveness of intervention strategies. Therefore, the purpose of this study was to compare blood pressure values in Brazilian young people by using the FitnessGram cR standards for body composition and cardiorespiratory fitness.
Methods

design and participants
The study had a cross-sectional design. The sample included adolescents from public schools of Londrina, Southern Brazil. According to the local department of education, 55,475 children and adolescents were enrolled in 2012 to grades from 6 in elementary schools to 3 in high schools in the public education sector of the city.
The selection of schools for data collection was randomized and data were gathered in 10 state schools: 3 schools from the North (boys: n = 139, girls: n = 97), 1 from the South (boys: n = 22, girls: n = 33), 2 from the East (boys: n = 43, girls: n = 66), 2 from the West (boys: n = 38, girls: n = 30), and 2 from the central region (boys: n = 182, girls: n = 224). In each region, the schools were selected until proportionality was achieved and the necessary other school was chosen. The sample for the present study consisted of 424 boys and 450 girls.
Systolic and diastolic blood pressure
Blood pressure was assessed with an omron HEM 742 device (omron Healthcare, Kyoto, Japan). This device had been previously validated for this population [13] . Standard techniques of blood pressure determination were applied [14] . Prior to blood pressure assessment, the participants remained seated at rest for about 5 minutes. After this period, systolic (SBP) and diastolic (dBP) blood pressures were measured twice in the right arm of each subject, with an interval of 2 minutes between the measurements. The mean value of the 2 measurements was used for analysis.
Anthropometric measurements
Body mass was assessed by using Plenna ® Acqua scales (Plenna Especialidades Ltda, São Paulo, Brazil) with a precision of 100 g. Stature was assessed with a portable stadiometer with a precision of 0.1 cm. Body mass index (BMI) was calculated by dividing body mass (kg) by the squared height (m).
cardiorespiratory fitness
The progressive aerobic cardiovascular endurance run (PAcER) fitness test served to assess cardiorespiratory fitness [4] . The tests were carried out in an indoor court, in the morning (8:00-11:50 a.m.) and afternoon (1:30-5:20 p.m.). Before the beginning of the test, all procedures were explained to the students, along with a demonstration of the test given by a researcher. The subjects had the opportunity to familiarize themselves with the starting speed of the test. Each participant received an identification control number. one member of the group received a form (with details such as name and identification number) to mark the number of laps performed by particular individuals. There was an evaluator for each 5 adolescents, responsible for overseeing the marked routes, and an evaluator at each end of the pathway, responsible for checking possible delays and providing guidance on the rate of displacement. The participants were evaluated in groups of approximately 15. Maximum oxygen uptake (Vo 2 max) was estimated by using the equation proposed by Burns et al. [15] .
criterion-referenced standards
The classification depending on BMI was the following: very lean (VL), health fitness zone (HFZ), needs improvement: some risk (NI-SR), and needs improvement: high risk (NI-HR). The classification depending on Vo 2 max was the following: HFZ, NI-SR, and NI-HR, on the basis of the FitnessGram cR standards [4] . BMI information was subsequently dichotomized into HFZ (VL + HFZ) and NI (NI-SR + NI-HR), and Vo 2 max information was also dichotomized into HFZ and NI (NI-SR + NI-HR). data regarding BMI and Vo 2 max were combined and groups were classified as HFZ/ HFZ, HFZ/NI, NI/HFZ, and NI/NI.
Socioeconomic status
The guidelines proposed by the Brazilian Market Research Association [16] were used to classify the SES of families. In this questionnaire, the answers are converted into scores (continuous variable) with a point system, and the results divide the Brazilian population into economic classes depending on their spending power. The criteria result in 8 categories (A1, A2, B1, B2, c1, c2, d, and E), from A1 to E, in descending order of spending power.
Statistical analysis
The Kolmogorov-Smirnov test was used to verify the normality of the variable distribution. central tendency and dispersion (mean and standard deviation) measures, relative frequency (%), and 95% confidence interval (cI) were applied for sample characterization. The Student's unpaired t-test served to compare the characteristics between boys and girls. The Levene's test assessed the equality of variances. In separated multivariate analyses of covariance (MANcoVAs) for boys and girls, blood pressure (SBP and dBP) was compared between body composition (BMI) fitness zones, with age and SES score (continuous variable) as covariates. The same procedure was implemented with cardiorespiratory fitness as a factor, and partial eta squared (h p 2 ) were presented as a measure of effect size (ES). The ES was interpreted as recommended by Richardson [17] , with the range of 0.01-0.05 standing for small ES, 0.06-0.13 for medium ES, and ≥ 0.14 for large ES. The Box's M test verified the assumption of homogeneity of the covariance matrices (the value of significance was set at p < 0.01). The Pearson correlation was used to verify the correlation between dependent variables. Follow-up analyses of covariance (ANcoVAs) were conducted to determine which variables most clearly differed between the levels of body composition and cardiorespiratory fitness, and h p 2 was presented. discriminant function analysis (dFA) was used to check the contribution of each variable to the differences between body composition and cardiorespiratory fitness zones. Group centroids for synthetic composite for blood pressure were compared with age, SES, and sex score as covariates by using ANcoVAs. The value of significance was set at p < 0.05. All analyses were performed with the IBM Statistical Package for the Social Sciences, version 20 (Somers, USA).
Ethical approval
The research related to human use has complied with all the relevant national regulations and institutional policies, has followed the tenets of the declaration of Helsinki, and has been approved by the Ethics in Research committee of the State University of Londrina / University Hospital of Northern Paraná (#312/2011).
Informed consent
Informed consent has been obtained from the parents or legal guardians of all individuals included in this study. The consent form described all procedures, researcher contact details, and possible risks and benefits of the study.
Results
The characteristics of the participants are presented in Table 1 . The MANcoVA results are described in the text. All p values for Box's M test were > 0.01 and interpreted as non-significant. Figure 1 and Tables  2-4 show the comparison of blood pressure values when body composition and cardiorespiratory fitness cR standards are used as factors for ANcoVAs. All assumptions were met with p values being higher than 0.05.
Boys presented significantly higher body mass, height, SBP, Vo 2 max, and PAcER laps than girls. Age, BMI, and dBP did not differ significantly between genders ( Table 1 ). The SES obtained for boys in the study were the following: A1: 0.5%, A2: 17.2%, B1: 16.5%, B2: 19.3%, c1: 19.6%, c2: 20.0%, d: 6.8%, and E: 0.0%. For girls, the values were as follows: A1: 0.9%, A2: 22.5%, B1: 20.7%, B2: 15.1%, c1: 17.1%, c2: 13.4%, d: 10.0%, and E: 0.2%. classification into the the HFZ group in body composition was 74.3% (95% cI: 70.1; 78.5) for boys and 81.3% (95% cI: 77.8; 84.9) for girls, and that for cardiorespiratory fitness was 45.5% (95% cI: 40.8; 50.3) for boys and 21.1% (95% cI: 17.4; 24.9) for girls. The Pearson correlation (continuous data) showed that there was a moderate relationship between the dependent variables (SBP and dBP) for boys (r = 0.50; 95% cI: 0.43; 0.57) and girls (r = 0.65; 95% cI: 0.59; 0.70).
Participants classified as HFZ/HFZ for BMI and cardiorespiratory fitness had the composite centroid for blood pressure significantly lower than those classified as NI/NI. This difference was observed even when the criteria for cardiorespiratory fitness were not achieved ( Figure 1a ). In boys, BMI in the VL and HFZ groups had lower centroid composites as compared with NI-HR ( Figure 1b ). In girls, VL and HFZ groups had values lower than NI-SR and NI-HR ( Figure 1d ). cardiorespiratory fitness differences were revealed between HFZ and NI-HR, but only in girls ( Figure 1e ).
MANcoVA showed that blood pressure values were significantly affected by the BMI and cardiorespiratory fitness zones (Wilks' lambda = 0.97, F (6, 1730) = 4.75, p < 0.01, ES = 0.02). The covariate of age (Wilks' Values expressed as mean (standard deviation). * one missing value for girls (n = 449) BMI -body mass index, SBP -systolic blood pressure, dBP -diastolic blood pressure, Vo 2 max -maximum oxygen uptake, PAcER -progressive aerobic cardiovascular endurance run, SES -socioeconomic status BMI -body mass index, CF -cardiorespiratory fitness Figure 1a : HFZ -health fitness zone (VL + HFZ), NI -needs improvement (NI-SR + NI-HR) Figure 1b -e: VL -very lean, HFZ -health fitness zone, NI-SR -needs improvement: some risk, NI-HR -needs improvement: high risk Figure 1 . comparison between group centroids for synthetic composite for blood pressure with BMI/cF criterion-referenced standards as a factor and controlled for age, socioeconomic status, and sex by using ANcoVAs.
Values are expressed as estimated mean (95% confidence interval) lambda = 0.98, F (2, 865) = 10.92, p < 0.01, ES = 0.03), as well as SES (Wilks' lambda = 0.98, F (2, 865) = 10.43, p < 0.01, ES = 0.02) and sex (Wilks' lambda = 0.88, F (2, 865) = 59.89, p < 0.01, ES = 0.12) significantly influenced the dependent variables as a group. dFA for BMI and cardiorespiratory fitness zones had a canonical correlation of 0.31, the structural coefficients obtained in dFA revealed that sex (0.86) and age (0.47) contributed most to discriminant differences for BMI and cardiorespiratory fitness classification in relation to SBP (-0.26), SES (-0.12), and dBP (0.08). Follow-up ANcoVA adjusted for age, SES, and sex showed that SBP (F (3, 866) = 8.01, p < 0.01, ES = 0.03) and dBP (F (3, 866) = 5.43, p < 0.01, ES = 0.02) were also significantly different between the BMI and cardiorespiratory fitness zones. The covariate of age significantly affected SBP and dBP (p < 0.01), SES significantly affected only dBP (p < 0.01), and sex affected SBP (p < 0.01) ( Table 2) . For boys, the MANcoVA revealed that blood pressure values were significantly affected by the BMI zones (Wilks' lambda = 0.97, F (6, 834) = 2.48, p < 0.05, ES = 0.02). The covariate of age (Wilks' lambda = 0.91, F (2, 417) = 20.85, p < 0.01, ES = 0.09), as well as SES (Wilks' lambda = 0.97, F (2, 417) = 6.61, p < 0.01, ES = 0.03) significantly influenced the dependent variables as a group. dFA for BMI zones had a canonical correlation of 0.18, the structural coefficients obtained in dFA revealed that SBP (0.81) and dBP (0.80) contributed most to discriminant differences for BMI classification in relation to SES (-0.13) and age (-0.03) for boys. Follow-up ANcoVA adjusted for age and SES showed that SBP (F (3, 418) = 3.62, p < 0.05, ES = 0.03) and dBP (F (3, 418) = 3.45, p < 0.05, ES = 0.02) were also significantly different between the BMI zones. The covariate of age significantly affected SBP and dBP (p < 0.01), and SES significantly impacted only on dBP (p < 0.01) ( Table 3) .
For girls, the MANcoVA proved that blood pressure values were significantly affected by BMI zones (Wilks' lambda = 0.94, F (6, 886) = 4.89, p < 0.01, ES = 0.03). The covariate of age (Wilks' lambda = 0.98, F (2, 443) = 4.88, p < 0.01, ES = 0.02), as well as SES (Wilks' lambda = 0.98, F (2, 443) = 4.12, p < 0.05, ES = 0.02) significantly influenced the dependent variables as a group. dFA indicated a canonical correlation of 0.24 for BMI, the structural coefficients obtained for girls revealed that SBP (0.97) and dBP (0.74) contributed most to BMI discriminant differences in classification in relation to SES (-0.19) and age (0.02). The follow-up ANcoVA adjusted for age and SES revealed that differences in SBP (F (3, 444) = 8.75, p < 0.01, ES = 0.06) and dBP (F (3, 444) = 5.39, p < 0.01, ES = 0.04) also occurred separately between the BMI zones. Age did not significantly affect SBP but did significantly affect dBP (p < 0.05), and SES did not significantly impact on SBP or dBP (Table 3) .
For boys, the MANcoVA showed that the blood pressure values were not significantly affected by the cardiorespiratory fitness zones (Wilks' lambda = 0.99, F (4, 836) = 0.19, p > 0.05, ES = 0.00). The covariate of age (Wilks' lambda = 0.91, F (2, 418) = 20.28, p < 0.01, ES = 0.09), as well as SES (Wilks' lambda = 0.97, F (2, 418) = 6.51, p < 0.01, ES = 0.03) significantly influenced the dependent variables as a group. dFA indicated a canonical correlation of 0.19 for cardiorespiratory fitness zones for boys, the structural coefficients obtained revealed that SBP (0.98) contributed most to cardiorespiratory fitness discriminant differences in classification in relation to dBP (0.19), age (0.11), and SES (-0.15). The follow-up ANcoVA adjusted for age and SES proved that SBP and dBP were not significantly different between the cardiorespiratory fitness zones. Age significantly affected SBP (p < 0.01) and dBP (p < 0.01), and SES did not influence SBP but did significantly impact on dBP (p < 0.01) ( Table 4 ).
For girls, the MANcoVA revealed that blood pressure values were significantly affected by cardiorespiratory fitness zones (Wilks' lambda = 0.98, F (4, 886) = 2.69, p < 0.05, ES = 0.01). The covariate of age (Wilks' lambda = 0.98, F (2, 443) = 2.74, p > 0.05, ES = 0.01) did not significantly influence variables as a group but SES (Wilks' lambda = 0.98, F (2, 443) = 4.09, p < 0.05, ES = 0.02) did. dFA indicated a canonical correlation of 0.33 for cardiorespiratory fitness zones, the structural coefficients obtained suggest that SES (0.83) and dBP (-0.47) contributed most to cardiorespiratory fitness discriminant differences in classification in relation to age (0.27) and SBP (-0.13). The follow-up ANcoVA adjusted for age and SES proved that for separate analyses, just differences in dBP (p < 0.01) occurred between cardiorespiratory fitness zones. The covariates of age and SES did not significantly impact on the blood pressure values (Table 4 ).
Discussion
The present study sought to compare SBP and dBP by using the FitnessGram cR standards for body composition and cardiorespiratory fitness in Brazilian young people. The most important information obtained in the study is that participants in the HFZ group for BMI presented significantly lower blood pres-Human Movement, Vol. 21, No 2, 2020 humanmovement.pl Values expressed as estimated mean (95% cI). * p < 0.01, † p < 0.05 BMI -body mass index, cR -criterion-referenced, VL -very lean, HFZ -health fitness zone, NI-SR -needs improvement: some risk, NI-HR -needs improvement: high risk, ES -effect size, SES -socioeconomic status, SBP -systolic blood pressure, dBP -diastolic blood pressure, cI -confidence interval sure values when compared with those in the NI groups. Additionally, SES and age seem to be important variables when analysing these differences. For cardiorespiratory fitness, this effect was verified just for girls. dFA and ANcoVA suggested that dBP was more influenced by cardiorespiratory fitness than SBP. Although significant differences for blood pressure were found by applying the cR standards for BMI in both sexes, the ES values were small. The comparison between composite centroid and SBP in girls yielded a medium ES. cR standards for cardiorespiratory fitness showed difference only in dBP in girls, but the ES was small. The ideal thresholds and diagnostic performance of any classification system can vary depending on the characteristics of the target population, such as age, ethnicity, SES, and the selected outcome and its prevalence [7, 8] . SES has been suggested as a factor associated with physical fitness [18] , as well as potentially being an important covariate for investigations into physical fitness and cardiovascular disease associations [19] .
The blood pressure values differ significantly between fitness zones for body composition, even when adjusted for age and SES. The structural coefficients obtained from dFA indicated that the blood pressure values had the highest contributions to the discrimination of fitness zones and that SES had a greater contribution than age. The effect of these covariates appears to be different when blood pressure values are analysed separately. In ANcoVA analyses, SES was identified as a significant covariate only for boys in the comparisons of dBP ( = 0.16; 95% cI: 0.06; 0.26; p < 0.01), but age was a significant covariate for boys ( = 0.92; 95% cI: 0.38; 1.45; p < 0.05) and girls ( = Table 4 . comparison of blood pressure with cardiorespiratory fitness cR standards as a factor and controlled for age and SES for boys and girls by using ANcoVAs . Higher values of age and SES were related to higher blood pressure values. For cardiorespiratory fitness, no significant differences were revealed between groups. However, similar results in relation to covariates were verified. The difference in blood pressure values observed in this cross-sectional study seems modest. However, even a small improvement in blood pressure values seems to have a profound impact on population health. As reported by Lewington et al. [20] , a reduction of 2 mm Hg in dBP decreases the prevalence of hypertension by 17% and reduces the risk of coronary heart disease and stroke by 6% and 15%, respectively; similar results have been found in other studies. These evidence supports the clinical significance of the results presented in this study [21] . For example, comparisons with significant values for ANcoVA show mean differences between HFZ and NI-SR that range from 0.6 mm Hg (boys) to 3.2 mm Hg (girls) for dBP and from 2.5 mm Hg (boys) to 5.4 mm Hg (girls) for SBP.
Blood pressure values appear to demonstrate stability from childhood to adulthood [10] and individuals with high SBP present an increased risk of hypertension and metabolic syndrome later in life [11] . cardiorespiratory fitness and body composition seem to be associated with a healthy cardiovascular profile [22, 23] and to maintain moderate stability from childhood to adulthood [24] [25] [26] .
High cardiorespiratory fitness and lower adiposity indicators have independent beneficial effects on cardiovascular risk factors in children and adolescents [2] and could be relevant parameters for screening subjects most likely to present cardiovascular risk factors. The present study found that 54.5% of boys and 78.9% of girls did not meet the cR standards for cardiorespiratory fitness, and 16.9% of boys and 12.9% of girls were in the NI zone for BMI, which indicates an increased likelihood of presenting cardiovascular risk factors for these participants.
The higher blood pressure values obtained in the NI groups for BMI in the present study corroborate the information that suggests that youth in the NI-SR or NI-HR groups were more likely to have poor metabolic profile (metabolic syndrome) than those in the normal-weight or HFZ groups [8, 27] . In the studies by Laurson et al. [8, 27] , other cardiovascular risk factors were analysed in addition to blood pressure. Although FitnessGram cR standards were developed by using metabolic syndrome as outcome, the analysis of high blood pressure is relevant as high blood pressure is indicated as the leading risk factor for death globally [9] .
Franks et al. [28] investigated 4857 children with a mean age of 11.3 years who were followed for an average period of 24 years. The authors found that the presence of hypertension in childhood was significantly associated with premature mortality from endogenous causes, with an incidence ratio of 1.57 (95% cI: 1.10; 2.24). Programs that successfully result in reduction in BMI status for their age group, in children, may have important beneficial effects on subsequent blood pressure [29] . overall, the present study indicated that individuals classified in the NI zone for BMI presented poor blood pressure profiles and the same occurred for cardiorespiratory fitness in girls. The identification of young people who do not meet these cR standards may help to recognize the target population and develop prevention strategies for paediatric chronic degenerative diseases.
The present study has limitations that must be taken into account. Firstly, owing to the cross-sectional nature of the study design, causal inferences cannot be made. Also, other covariates which could influence the association between cardiorespiratory fitness and BMI with blood pressure values, such as physical activity and eating habits, were not verified. Furthermore, blood pressure was assessed on a single day, which may have resulted in an overestimate of high blood pressure prevalence. However, this is a common limitation in epidemiological studies. Although a direct assessment of body fatness for screening has advantages when compared with the use of BMI, which is unable to discern fat mass from fat-free mass [30] , the use of BMI is very common in schools, as well as in clinical practice. An important characteristic of the FitnessGram cR standards for BMI is that it is linked to health risks on the basis of corresponding risks for body fatness. These cR standards demonstrate a reasonable agreement when used to classify adiposity status in children and adolescents [5] .
Further studies investigating Brazilian young people should consider analysing cardiovascular risk factors beyond blood pressure, such as waist circumference, triglycerides, high-density lipoprotein cholesterol, and fasting glucose. These variables were used in the development of the FitnessGram cR standards [6, 8, 12] . Also, other risk factors that could provide additional information about the relationship between cR standards zones and health profile include c-reactive protein [7] . The agreement of results for alternative tests for body composition and cardiorespiratory fitness is another relevant aspect to investigate.
